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(67)  The disclosed embodiments provide a printer
(106) that facilitates driverless printing. This printer (106)
includes adiscovery component (212) configured to iden-
tify the printer (106) to a client (102), facilitate selection
of the printer (106) by the client (102), obtain capability
information from the printer (106) and send the capability

FRAMEWORK THAT SUPPORTS DRIVERLESS PRINTING

information to the client (102). The printer (106) also in-
cludes a transport component (214) configured toreceive
printer data (208) from the client (102). Finally, the printer
(106) includes a page-description-language component
configured to print the received printer data (208).
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Description
BACKGROUND

Field

[0001] The disclosed embodiments relate to printers
for computer systems. More specifically, the disclosed
embodiments relate to a computer-based printing system
that operates without having to manage printer-specific
driver software.

Related Art

[0002] Printers are often a problem for computer users.
When a computer user initially installs a printer, the ca-
bling and power cords are typically not a problem to hook
up. However, the user typically has to install a printer-
specific driver, which involves loading the driver from a
disk or navigating to a website and downloading the driv-
er. Even if the printer driver is already loaded into the
computer system, the user often has to load and install
an update for the driver from the printer manufacturer’'s
website. These installation operations are time-consum-
ing and commonly require the user to find and enter a
long software-license key.

[0003] Hence, what is needed is a system that facili-
tates installing a printer without the above-described
problems.

SUMMARY

[0004] The disclosed embodiments provide a system
that facilitates driverless printing. This system includes
a discovery component configured to identify accessible
printers and to facilitate selection of an accessible printer,
wherein the discovery component is also configured to
obtain capability information from accessible printers.
The system also includes a transport component config-
ured to transport data to the selected printer, wherein the
transport component is also configured to obtain capa-
bility information from the selected printer. Finally, the
system includes a page-description-language compo-
nent configured to generate printer data for the selected
printer based on obtained capability information for the
selected printer.

[0005] In some embodiments, the system provides an
integrated framework that enables the discovery compo-
nent, the transport component and the page-description-
language component to be accessed by an application.
[0006] In some embodiments, the integrated frame-
work includes one or more application programming in-
terfaces (APIs) that provide access to the discovery com-
ponent, the transport component and/or the page-de-
scription-language component. These APIs enable a
calling application to interact with other application code
being called through the API. Various function calls, mes-
sages or other types of invocations, which further may
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include various kinds of parameters, can be transferred
via the API between the calling application and the code
being called. In addition, the API may provide the calling
application code the ability to use data types or classes
defined in the API and implemented in the called appli-
cation code. A method for operating through this APl in-
cludes transferring one or more function calls, messages,
other types of invocations or parameters via the APL.
[0007] In some embodiments, while obtaining the ca-
pability information from accessible printers, the discov-
ery component is configured to obtain current status in-
formation from the accessible printers.

[0008] In some embodiments, the current status infor-
mation can specify: whether the printer is off-line; wheth-
er the printer is busy; or whether an error condition exists
in the printer.

[0009] In some embodiments, the capability informa-
tion for a printer can specify, for example, the file sizes
supported by the printer; the file-format versions support-
ed by the printer; the file-format extensions supported by
the printer; the color spaces supported by the printer; the
bit depths supported by the printer; or the resolutions
supported by the printer.

[0010] In some embodiments, the capability informa-
tion obtained from the selected printer enables the sys-
tem to generate printer data for the selected printer with-
out the need for the system to maintain printer-specific
software or printer-specific configuration information for
the selected printer.

[0011] Some embodiments include one or more appli-
cation programming interfaces (APIs) in an environment
with calling program code that interacts with other pro-
gram code being called through the one or more inter-
faces. Various function calls, messages or other types
of invocations, which further may include various kinds
of parameters, can be transferred via the APls between
the calling program and the code being called. In addition,
an API may provide the calling program code the ability
to use data types or classes defined within the APl and
implemented in the called program code.

[0012] At least certain embodiments include an envi-
ronment with a calling software component interacting
with a called software component through an API. A
method for operating through an APl in this environment
includes transferring one or more function calls, messag-
es, and other types of invocations or parameters via the
API.

BRIEF DESCRIPTION OF THE FIGURES
[0013]

FIG. 1 illustrates a printing system in accordance
with the disclosed embodiments.

FIG. 2illustrates components involved in performing
a printing operation in accordance with the disclosed
embodiments.

FIG. 3 presents a flow chart illustrating the printing



3 EP 3 125107 A1 4

process in accordance with the disclosed embodi-
ments.

FIG. 4 presents a flow chart illustrating the driverless
printing process in accordance with the disclosed
embodiments.

FIG. 5 presents a flow chart illustrating the printing
process from the printer’s perspective in accordance
with the disclosed embodiments.

FIG. 6 illustrates the structure of a universal-raster-
format-supported (URF-supported) key in accord-
ance with the disclosed embodiments.

FIG. 7 illustrates the structure of a device-independ-
ent bitmap container in accordance with the dis-
closed embodiments.

FIG. 8illustrates how software components call each
other through an API in accordance with the dis-
closed embodiments.

FIG. 9illustrates how API calls can be made through
a system stack in accordance with the disclosed em-
bodiments.

DETAILED DESCRIPTION

[0014] The following descriptionis presented to enable
any person skilledin the artto make and use the disclosed
embodiments, and is provided in the context of a partic-
ular application and its requirements. Various modifica-
tions to the disclosed embodiments will be readily appar-
ent to those skilled in the art, and the general principles
defined herein may be applied to other embodiments and
applications without departing from the spirit and scope
of the disclosed embodiments. Thus, the disclosed em-
bodiments are not limited to the embodiments shown,
but arc to be accorded the widest scope consistent with
the principles and features disclosed herein.

[0015] The data structures and code described in this
detailed description are typically stored on a non-transi-
tory computer-readable storage medium, which may be
any device or medium that can store code and/or data
for use by a computer system. The non-transitory com-
puter-readable storage medium includes, but is not lim-
ited to, volatile memory, non-volatile memory, magnetic
and optical storage devices such as disk drives, magnetic
tape, CDs (compact discs), DVDs (digital versatile discs
or digital video discs), or other media capable of storing
code and/or data now known or later developed.

[0016] The methods and processes described in the
detailed description section can be embodied as code
and/or data, which can be stored in a non-transitory com-
puter-readable storage medium as described above.
When a computer system reads and executes the code
and/or data stored on the non-transitory computer-read-
able storage medium, the computer system performs the
methods and processes embodied as data structures
and code and stored within the non-transitory computer-
readable storage medium. Furthermore, the methods
and processes described below can be included in hard-
ware modules. For example, the hardware modules can
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include, but are not limited to, application-specific inte-
grated circuit (ASIC) chips, field-programmable gate ar-
rays (FPGAs), and other programmable-logic devices
now known or later developed. When the hardware mod-
ules are activated, the hardware modules perform the
methods and processes included within the hardware
modules.

Driverless Printing

[0017] The disclosed embodiments facilitate "driver-
less printing," which enables a computing device to print
to a printer without having to worry about installing or
updating associated printer driver software. This is ac-
complished by augmenting a discovery protocol (such
as Bonjour™) and an associated network-printing proto-
col (such as IPP), so that the protocols return printer ca-
pability information which is used to generate printer data
for a selected printer.

[0018] Note thatthe disclosed embodiments differ from
existing systems which need to maintain specific drivers
for each supported printer. In these existing systems, the
features and capabilities for specific printers arc stored
in static capability files created by the printer vendors,
such as a PostScript Printer Description (PPD) file, and
these static capability files are stored on the mobile de-
vice itself. In contrast, the disclosed embodiments query
a printer (not a static file) to determine the "current" op-
erational capabilities of a printer. In addition to the dis-
covery protocol and the network-printing protocol, the
disclosed embodiments also provide a page-description
language that specifies the appearance of printed pages.
[0019] The disclosed embodiments additionally pro-
vide a framework which enables an application to easily
use the discovery protocol, the network-printing protocol
and the page-description language. This framework can
be implemented using one or more APIls which enable
an application to access these components. Details of
the disclosed embodiments are described below, but first
we describe the printing system.

Printing System

[0020] FIG. 1 illustrates a printing system 100 in ac-
cordance with the disclosed embodiments. Printing sys-
tem 100 includes a computing device 102 and a printer
106. Computing device 102 can generally include any
type of computer system or computing device, such as
a personal computer system, a server computer system,
a laptop computer, a notebook computer, a tablet com-
puter, a personal digital assistant, a digital media receiver
(such as Apple TV™), a digital picture frame, a cellular
telephone or a portable navigation system. Printer 106
can generally include any device or system capable of
printing textual data or images onto some type of print
media, such as paper or photo media. Forexample, print-
er 106 can comprise a stand-alone printer, or alternative-
ly a printing system, which includes a print server that is
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coupled to one or more printers.

[0021] Computing device 102 is coupled to printer 106
through network 104. Network 104 can generally include
any type of communication channel capable of coupling
together network nodes. For example, network 104 can
include a wireless network connection, such as a Blue-
tooth™ network connection; a cellular networking con-
nection (e.g., a 3G/4G network or an Edge network); a
networking connection based on the standards de-
scribed in Institute for Electrical and Electronic Engineers
(IEEE) 802.11; a wireless personal-area networking
(PAN) connection, such as a network connection based
on the standards described in IEEE 802.15; or any peer-
to-peer (wireless or wired) networking technology. Net-
work 104 can also include a wired network connection,
such as a network connection based on the standards
described in IEEE 802.3.

[0022] During the printing process, computing device
102 initially makes contact with printer 106 through a dis-
covery protocol as is described in more detail below.
Next, after printer 106 is identified and selected, there
arc a number of ways that printing can be accomplished.
If computing device 102 possesses a driver for printer
106, or if printer 106 supports driverless printing, com-
puting device 102 can use the driver or the driverless
printing protocol to generate printer data for a print job.
The printer data can then be sent to printer 106 through
network 104. This process is described in more detail
below. (Note that the term "driverless printing" refers to
a printing technique which operates without the need for
printer-specific software or printer-specific configuration
on a computing device.)

Printing Components

[0023] FIG. 2 illustrates components involved in per-
forming a printing operation in accordance with the dis-
closed embodiments. Referring to FIG. 2, computing de-
vice 102 includes an application 202 which needs to per-
form a printing operation. For example, application 202
can include a printing utility that allows a user to print a
specificfile. Alternatively, application 202 can include any
type of general-purpose or special-purpose computer-
based application that periodically needs to perform a
printing operation, such as a word processor. Application
202 makes calls to API 203, which provides a framework
that facilitates access to a number of components, in-
cluding a discovery component 204, a page-description-
language component 205 and a network-printing com-
ponent 206.

[0024] During operation, application 202 uses discov-
ery component 204, which implements a discovery pro-
tocol (such as Bonjour™) to identify available printers
and to facilitate selecting one of the identified printers.
Note that discovery component 204 communicates with
a corresponding discovery component 212 in printer 106
(illustrated by dashed line 230). Next, after a printer 106
is selected, application 202 uses page-description-lan-
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guage component 205 to render a print job to produce
corresponding printer data 208. Printer data 208 is then
sent to network-printing component 206, which imple-
ments a network protocol for remote printing, such as an
Internet Printing Protocol (IPP). Network-printing com-
ponent 206 communicates printer data 208 to a corre-
sponding network-printing component 214 within printer
106 (illustrated by dashed line 232).

[0025] As mentioned above, printer 106 contains a dis-
covery component 212 and a network-printing compo-
nent 214. In addition, printer 106 includes components
that support printing using, for example, the JPEG (Joint
Photographic Experts Group) standard 216, the PDF
(Portable Document Format) standard 217, and a RF
(Raster Format) standard 218. These components send
data through print controller 219 to print heads 220 within
printer 106, so that print controller 219 can translate the
data and print heads 220 can print the translated data
onto some type of print media, such as paper.

Printing Process

[0026] FIG. 3 presents a flow chartillustrating the print-
ing process in accordance with the disclosed embodi-
ments. First, the system uses a discovery protocol, such
as the Bonjour™ protocol, to identify printers that can be
accessed by computing device 102 (step 302). As men-
tioned above, this discovery protocol also obtains capa-
bility information from the printer. Next, the system
presents a list of available printers to a user (or an appli-
cation) and allows the user (or the application) to select
one of the identified printers (step 304).

[0027] Next, the system checks interoperability of the
selected printer (step 306). For example, the system can
obtain information from the printer indicating that the
printer supports JPEG, PDF and RF, in which case the
system can use any of the supported formats. On the
other hand, if the information indicates the printer can
only support RF, the system uses RF to send data to the
printer.

[0028] Next, the system has a number of options. If the
selected printer supports driverless printing, the system
can obtain printer capability information from the selected
printer and can generate printer data for the printer based
on the obtained printer capability information. Next, the
system can send the generated printer data to the se-
lected printer (step 308). As mentioned above, this ca-
pability information can be obtained from the selected
printer during a query for the discovery protocol, or during
a subsequent network-printing protocol query. On the
other hand, if the mobile device contains a specific driver
for the selected printer, the system can use the specific
driver to generate and send printer data to the selected
printer (step 310). The system can alternatively send the
print job to a cloud comprising one or more servers that
provide a printing service. This enables the cloud to gen-
erate the printer data for the selected printer (step 312).
[0029] In general, the system can select among driv-
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erless printing, cloud printing and using a local driver
based on a number of factors, such as power consump-
tion and/or computational load. In one embodiment, the
system uses driverless printing if possible, and if driver-
less printing is not supported, the system uses a local
driver for the printer. Finally, if such a local driver is not
supported, the system uses the cloud to generate the
printer data.

Printer Capability Information

[0030] As mentioned above, the printer capability in-
formation can be obtained from the selected printer dur-
ing a query for the discovery protocol (Bonjour™), or dur-
ing a subsequent network-printing protocol (IPP) query.
More specifically, during the discovery protocol, the se-
lected printer can return printer-specific information
specifying what types of data the selected printer can
accept and information specifying the selected printer’'s
capabilities. Moreover, this printer-specific information
enables the computer device to generate the printer data
for the selected printer without the need for the computer
to maintain printer-specific software or printer-specific
configuration information for the selected printer. Once
the mobile device is actually communicating with the
printer through IPP, the IPP protocol can provide the
same printer-specific information. (This prevents having
to cache information between the discovery protocol and
the network-printing protocol.)

[0031] This printer capability information can specify
attributes of the print media, such as media sizes, types
(e.g., paper or photo media) and margins. This printer
capability information can also specify finishing at-
tributes, such as attributes related to stapling, hole
punching and booklets. The printer capability information
can additionally specify information related to printer fea-
tures, such as whether it can print on two sides of a page
(duplex), which output bit to use, and which media source
(tray) to use. The printer capability attributes can also
specify file-related attributes, such as the file sizes sup-
ported by the printer, the file-format versions supported
by the printer, and the file-format extensions supported
by the printer. The printer capability information can also
specify various printer capabilities, such as the color
spaces supported by the printer, the bit depths supported
by the printer, and the resolutions supported by the print-
er.

[0032] This printer capability information can addition-
ally specify current status information obtained from print-
ers. For example, this current status information can
specify: whether the printer is off-line; whether the printer
is busy; or whether an error condition exists in the printer.
This current status information can be presented to the
user while the user is selecting an available printer.

Driverless Printing

[0033] FIG. 4 presents a flow chart illustrating the driv-
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erless printing process in accordance with the disclosed
embodiments. (This flow chart illustrates some of the op-
erations which take place during the driverless printing
process which occurs in step 308 of FIG. 3.) First, the
system obtains capability information for the selected
printer (step 402). As mentioned above, this capability
information can be obtained from the printer duringa que-
ry which is part of the initial discovery protocol, or during
a subsequent IPP query. Next, the system queues to the
selected printer (step 404) and allows a user (or an ap-
plication) to select a specific type of media for the print
job (step 406).

[0034] The system then generates printer data for the
selected printer based on the obtained capability infor-
mation (step 408). Next, the printer sends the printer data
to the selected printer (step 410). Finally, the system re-
ceives status information for the selected printer, which
indicates whether the printer data was successfully print-
ed (step 412).

Printing Process on the Printer Side

[0035] FIG. 5 presents a flow chart illustrating the print-
ing process from the printer’s perspective in accordance
with the disclosed embodiments. First, the printer uses
adiscovery component within the printer to communicate
with a client to facilitate selection of the printer by the
client. During this discovery process, the discovery com-
ponent can provide capability information for the printer
to the client (step 502). Next, the printer uses a transport
component within the printer to receive printer data from
the client. During this process, the transport component
can also provide capability information for the printer to
the client (step 504). Finally, the printer can use a page-
description-language component within the printer to
print the printer data received from the client (step 506).

Document Format Preferred

[0036] To facilitate driverless printing, some of the dis-
closed embodiments have added new keys to the Inter-
net Printing Protocol (IPP) standard. In particular, some
embodiments include a new document-format-preferred
key (as a MIME media type), which enables the printer
to specify a "preferred" document format out of all of the
document formats that are supported by the printer. This
preferred document format can be used to improve per-
formance. For example, the preferred document format
may be more efficient to print than other document for-
mats supported by the printer.

[0037] Note that the IPP standard already provides a
document-format-supported key which specifies that a
specific document format is supported by a printer. How-
ever, the existing IPP standard does not provide any way
to indicate which of the supported document formats is
preferred.
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URF-Supported Key

[0038] Some embodiments have also added a new
"URF-supported key" to a discovery protocol and a trans-
port protocol. More specifically, some embodiments have
added a new URF-supported key to the discovery proto-
col as part of a Bonjour™ TXT record, and have also
added an analogous URF-supported key to the transport
protocol as a new printer description attribute for the IPP
protocol.

[0039] This URF-supported key specifies a standard-
ized set of capabilities that are supported by a printer
which enables a client to generate printer data for the
client without the need for the client to maintain printer-
specific software or printer-specific configuration infor-
mation for the selected printer. This standardized set of
capabilities is selected to enable the client to generate
printer data for any type of printer.

[0040] In one embodiment, the standardized set of ca-
pabilities includes the following which also appear in the
diagram of the URF-supported key 600 in FIG. 6,

(1) color spaces that are supported by the printer;
(2) bit depths that are supported by the printer for
specific color spaces;

(3) a maximum number of copies supported by the
printer;

(4) whether duplex printing is supported by the print-
er;

(5) specific finishings that are supported by the print-
er (e.g., stapling, folding, hole punching);

(6) input slots supported by the printer;

(7) face-up/face-down input orientation;

(8) media types supported by the printer (e.g., plain
paper, glossy);

(9) output bins supported by the printer;

(10) face-up/face-down output orientation;

(11) supported print qualities; and

(12) supported resolutions.

In additional embodiments, the URF-supported key can
include a subset of these capabilities.

Device-Independent Bitmap Container

[0041] Some embodiments support a new device-in-
dependent bitmap container for printer data. For exam-
ple, the device-independent bitmap container can be im-
plemented as a Multipurpose Internet Mail Extensions
(MIME) subtype.

[0042] This new device-independent bitmap container
includes a file header, and at least one set of a page
header and a page bitmap. In one embodiment, the page
header can have a predetermined format that specifies
the following attributes for a page to be printed by a print-
er. (These attributes also appear in the device-independ-
ent bitmap container 700 which is illustrated in FIG. 7.)
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(1
(2
(3
(4
(5
(6

a bit depth;

a color space;

a duplex mode;

a print quality;

a media type;

an input slot;

(7) an output bin

(8) a number of copies;
(9) one or more finishings;
(10) a width;

(11) a height; and

(12) a resolution.

— = = = — — ~— ~—

In alternative embodiments, the page header can have
a predetermined format that specifies a subset of these
attributes.

Optimizations

[0043] In some embodiments, the system can perform
optimizations to improve speed, increase print quality
and save battery power. This can be accomplished by
selecting a file type for the printer data that reduces the
number of computational operations involved in gener-
ating the printer data, thereby improving speed and re-
ducing the amount of power consumed by the computing
device. For example, if a printer supports PDF and the
computing device is printing a PDF file, it uses much less
battery power and is faster to send the PDF file to the
printer instead of converting the PDF file into raster data
and sending the raster data to the printer. (Note that, by
saving computational operations and computational
time, the system frees up resources and time to perform
other operations, for example to increase print quality.)
Also, in the case where the cloud returns the generated
printer data to the computing device, the system can se-
lect a file format which reduces the size of the printer
data file. This reduces the number of data transfer oper-
ations required to forward the printer data to the printer,
and thereby improves speed and reduces the amount of
power consumed by the computing device.

[0044] Inanother example, the system can save power
by selecting between driverless printing and cloud print-
ing based on whether or not the power consumed while
transferring data to and from the cloud will be offset by
the power saved by off-loading the printer-related ren-
dering operations to the cloud. By using a cloud, power-
consuming computational operations can be off-loaded
from a mobile device (that runs on battery power) to a
server within a cloud (that runs on wall power), which can
potentially save a significant amount of battery power.

Defect Solutions

[0045] In some cases, a printer manufacturer may at-
tempt to implement a printer which adheres to the driv-
erless printer specification, but the implementation may
have one or more bugs. In this case, the system can
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maintain a database containing such known bugs for spe-
cific printer models. During a printing operation, the sys-
tem can first perform a lookup in the database, and if one
or more known bugs exist for a printer, the system can
adjust how the printer data is generated to compensate
for these known bugs.

Application Programming Interfaces

[0046] One ormore Application Programming Interfac-
es (APIs) may be used in some embodiments. An APl is
an interface implemented by a program code component
(hereinafter "APIl-implementing component") that allows
a different program code component (hereinafter "API-
calling component") to access and use one or more func-
tions, methods, procedures, data structures, classes,
and/or other services provided by the API-implementing
component. An API can define one or more parameters
that are passed between the API-calling component and
the APIl-implementing component.

[0047] An API allows a developer of an API-calling
component (which may be a third-party developer) to lev-
erage specified features provided by an API-implement-
ing component. There may be one API-calling compo-
nent, or there may be more than one such component.
An API can be a source code interface that a computer
system or program library provides in order to support
requests for services from an application. An API can be
specified in terms of a programming language that can
be interpreted or compiled when an application is built.
[0048] In some embodiments the API-implementing
component may provide more than one API, each pro-
viding a different view of or that access different aspects
ofthe functionality implemented by the APl-implementing
component. In other embodiments the APIl-implementing
component may itself call one or more other components
via an underlying API, and thus be both an API-calling
component and an APl-implementing component.
[0049] An API defines the language and parameters
that APIl-calling components use when accessing and
using specified features of the API-implementing com-
ponent. For example, an API-calling component access-
es the specified features of the API-implementing com-
ponent through one or more API calls or invocations (em-
bodied, for example, by function or method calls) ex-
posed by the API, and passes data and control informa-
tion using parameters via the API calls or invocations.
The API-implementing component may return a value
through the APT in response to an API call from an API-
calling component. While the API defines the syntax and
result of an API call (e.g., how to invoke the API call and
what the API call does), the APl may not reveal how the
API call accomplishes the function specified by the API
call. Various API calls are transferred via the one or more
application programming interfaces between the calling
(API-calling component) and an APIl-implementing com-
ponent. Transferring the API calls may include issuing,
initiating, invoking, calling, receiving, returning, or re-
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sponding to the function calls or messages. The function
calls or other invocations of the APl may send or receive
one or more parameters through a parameter list or other
structure. A parameter can be a constant, key, data struc-
ture, object, object class, variable, data type, pointer, ar-
ray, list or a pointer to a function or method or another
way to reference a data or other item to be passed via
the API.

[0050] Furthermore, data types or classes may be pro-
vided by the APl and implemented by the API-implement-
ing component. Thus, the API-calling component may
declare variables, use pointers to, use or instantiate con-
stant values of such types or classes by using definitions
provided in the API.

[0051] Generally,an APIcan be usedto access a serv-
ice or data provided by the API-implementing compo-
nent, or to initiate performance of an operation or com-
putation provided by the APIl-implementing component.
By way of example, the API-implementing component
and the API-calling component may be an operating sys-
tem, a library, a device driver, an API, an application pro-
gram, or other module (it should be understood that the
APIl-implementing component and the API-calling com-
ponent may be the same or different type of module from
each other). APl-implementing components may insome
cases be embodied at least in part in firmware, microc-
ode, or other hardware logic. In some embodiments, an
API may allow a client program to use the services pro-
vided by a Software Development Kit (SDK) library. In
otherembodiments an application or other client program
may use an API provided by an Application Framework.
[0052] In these embodiments the application or client
program may incorporate calls to functions or methods
provided by the SDK and provided by the API, or use
data types or objects defined in the SDK and provided
by the API. An application framework may in these em-
bodiments provide a main event loop for a program that
responds to various events defined by the framework.
The API allows the application to specify the events and
the responses to the events using the application frame-
work. In some implementations, an API call can report
to an application the capabilities or state of a hardware
device, including those related to aspects such as input
capabilities and state, output capabilities and state,
processing capability, power state, storage capacity and
state, communications capability, etc., and the APl may
be implemented in part by firmware, microcode, or other
low-level logic that executes in part on the hardware com-
ponent.

[0053] The API-calling component may be alocal com-
ponent (i.e., on the same data processing system as the
APIl-implementing component) or a remote component
(i.e., on a different data processing system from the API-
implementing component) that communicates with the
APIl-implementing component through the APl overa net-
work. It should be understood that an APl-implementing
component may also act as an API-calling component
(i.e., it may make API calls to an API exposed by a dif-
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ferent APl-implementing component), and an API-calling
component may also act as an API-implementing com-
ponent by implementing an API that is exposed to a dif-
ferent API-calling component.

[0054] The API may allow multiple API-calling compo-
nents written in different programming languages to com-
municate with the APIl-implementing component (thus,
the APl may include features for translating calls and
returns between the API-implementing component and
the API-calling component); however, the API may be
also implemented in terms of a specific programming lan-
guage.

[0055] FIG. 8 is a block diagram illustrating an exem-
plary API architecture, which may be used in some em-
bodiments of the invention. As shown in FIG. 8, the API
architecture 800 includes the APl-implementing compo-
nent 810 (e.g., an operating system, a library, a device
driver, an API, an application program, or other module)
that implements the AP1 820. The API 820 specifies one
or more functions, methods, classes, objects, protocols,
data structures, formats and/or other features of the API-
implementing component that may be used by the API-
calling component 830. The API 820 can specify at least
one calling convention that specifies how a function in
the APIl-implementing component receives parameters
from the API-calling component and how the function re-
turns a result to the APl-calling component. The API-
calling component 830 (e.g., an operating system, a li-
brary, a device driver, an API, an application program,
or other module) makes API calls through the APl 820
to access and use the features of the APl-implementing
component 810 that are specified by the API 820. The
API-implementing component 810 may return a value
through the API1 820 to the API-calling component 830 in
response to an API call.

[0056] It will be appreciated that the API-implementing
component 810 may include additional functions, meth-
ods, classes, data structures, and/or other features that
are not specified through the API 820 and are not avail-
able to the API-calling component 830. It should be un-
derstood that the API-calling component 830 may be on
the same system as the APIl-implementing component
810 or may be located remotely and access the API-
implementing component 810 using the APl 820 over a
network. While FIG. 8 illustrates a single API-calling com-
ponent 830 interacting with the API 820, it should be un-
derstood that other API-calling components, which may
be written in different languages (or the same language)
than the API-calling component 830, may use the API
820.

[0057] The APIl-implementing component 810, the API
820, and the API-calling component 830 may be stored
in a machine-readable medium, which includes any
mechanism for storing information in a form readable by
a machine (e.g., a computer or other data processing
system). For example, a machine-readable medium in-
cludes magnetic disks, optical disks, random access
memory, read only memory, flash memory devices, etc.
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[0058] InFIG. 9 ("Software Stack"), an exemplary em-
bodiment, applications can make calls to Services A or
B using Service APl and to Operating System (OS) using
OS API. Services A and B can make calls to OS using
OS API.

[0059] The foregoing descriptions of embodiments
have been presented for purposes of illustration and de-
scription only. They are not intended to be exhaustive or
to limit the present description to the forms disclosed.
Accordingly, many modifications and variations will be
apparent to practitioners skilled in the art. Additionally,
the above disclosure is not intended to limit the present
description. The scope of the present description is de-
fined by the appended claims.

ADDITIONAL STATEMENTS

[0060] There is provided a system that facilitates driv-
erless printing, comprising: a discovery component con-
figured to identify accessible printers and to facilitate se-
lection of an accessible printer, wherein the discovery
component is also configured to obtain capability infor-
mation from accessible printers; a transport component
configured to transport data to the selected printer; and
a page-description-language component configured to
generate printer data for the selected printer based on
obtained capability information for the selected printer;
wherein the capability information obtained from the se-
lected printer enables the system to generate the printer
data for the selected printer without the need for the sys-
tem to maintain printer-specific software or printer-spe-
cific configuration information for the selected printer.
[0061] Preferably, wherein the system provides an in-
tegrated framework that enables the discovery compo-
nent, the transport component and the page-description-
language component to be accessed by an application.
[0062] Preferably, wherein the integrated framework
includes one or more application programming interfaces
(APIs) that provide access to the discovery component,
the transport component and the page-description-lan-
guage component.

[0063] Preferably, wherein while obtaining the capa-
bility information from accessible printers, the discovery
component is configured to obtain current status infor-
mation from the accessible printers.

[0064] Preferably, wherein the current status informa-
tion specifies one or more of the following: whether the
printer is off-line; whether the printer is busy; and whether
an error condition exists in the printer.

[0065] Preferably, wherein the capability information
for a printer specifies one or more of the following: res-
olutions; color spaces; bit depths; input slots; face-
up/face-down input orientation; output bins; face-
up/face-down output orientation; duplex printing support;
media types; copy support; supported finishings; and
print quality.

[0066] Preferably, wherein the capability information
for the printer additionally specifies one or more of the
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following: file sizes; file-format versions; and file-format
extensions.

[0067] Preferably, wherein the transport componentis
also configured to obtain capability information from the
selected printer.

[0068] There is provided a computing device that fa-
cilitates driverless printing, comprising: a discovery com-
ponent within the computing device configured to identify
accessible printers and to facilitate selection of an ac-
cessible printer, wherein the discovery component s also
configured to obtain capability information from accessi-
ble printers; a transport component within the computing
device configured to transport data to the selected print-
er; and a page-description-language component within
the computing device configured to generate the printer
data for the selected printer based on obtained capability
information for the selected printer; wherein the capability
information obtained from the selected printer enables
the computing device to generate the printer data for the
selected printer without the need for the computing de-
vice to maintain printer-specific software or printer-spe-
cific configuration information for the selected printer.
[0069] Preferably, wherein while obtaining the capa-
bility information from accessible printers, the discovery
component is configured to obtain current status infor-
mation from the accessible printers.

[0070] Preferably, wherein the transport component is
also configured to obtain capability information from the
selected printer.

[0071] There is provided a method for facilitating driv-
erless printing, comprising: using a discovery component
to identify accessible printers and to facilitate selection
of an accessible printer, wherein the discovery compo-
nent is also configured to obtain capability information
from accessible printers; using a transport component to
transport data to the selected printer; and using a page-
description-language component to generate printer da-
ta for the selected printer based on obtained capability
information for the selected printer; wherein the capability
information obtained from the selected printer enables
the method to generate the printer data for the selected
printer without the need for a computing device upon
which the method operates to maintain printer-specific
software or printer-specific configuration information for
the selected printer.

[0072] Preferably, wherein the discovery component,
the transport component and the page-description-lan-
guage component are accessed through a unified frame-
work which can be accessed by an application.

[0073] Preferably, wherein the integrated framework
includes one or more application programming interfaces
(APIs) that provide access to the discovery component,
the transport component and the page-description-lan-
guage component.

[0074] Preferably, wherein while obtaining the capa-
bility information from accessible printers, the discovery
component is configured to obtain current status infor-
mation from the accessible printers.
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[0075] Preferably, wherein the current status informa-
tion specifies one or more of the following: whether the
printer is off-line; whether the printer is busy; and whether
an error condition exists in the printer.

[0076] Preferably, wherein the capability information
for a printer specifies one or more of the following: res-
olutions; color spaces; bit depths; input slots; face-
up/face-down input orientation; output bins; face-up/
face-down output orientation; duplex printing support;
media types; copy support; supported finishings; and
print quality.

[0077] Preferably, wherein the capability information
for the printer additionally specifies one or more of the
following: file sizes; file-format versions; and file-format
extensions.

[0078] Preferably, wherein the transport component is
also configured to obtain capability information from the
selected printer.

[0079] There is provided a computer-readable storage
medium storing instructions that when executed by a
computer cause the computer to provide a system that
facilitates driverless printing, wherein the instructions im-
plement a number of components, including: a discovery
component configured to identify accessible printers and
to facilitate selection of an accessible printer, wherein
the discovery component is also configured to obtain ca-
pability information from accessible printers; a transport
component configured to transport data to the selected
printer; and a page-description-language component
configured to generate printer data for the selected print-
er based on obtained capability information for the se-
lected printer; wherein the capability information ob-
tained from the selected printer enables the system to
generate the printer data for the selected printer without
the need for the system to maintain printer-specific soft-
ware or printer-specific configuration information for the
selected printer.

[0080] There is provided a machine-implemented
method in an environment which uses an Application Pro-
gramming Interface (API), the method comprising: trans-
ferring a discovery call through the API to cause a dis-
covery component to identify accessible printers and to
facilitate selection of an accessible printer, wherein the
discovery component is also configured to obtain capa-
bility information from accessible printers; transferring a
transport call through the API to cause a transport com-
ponentto transport data to the selected printer; and trans-
ferring a rendering call through the API to cause a page-
description-language component to generate printer da-
ta for the selected printer based on obtained capability
information for the selected printer; wherein the capability
information obtained from the selected printer enables
the system to generate the printer data for the selected
printer without the need for the system to maintain printer-
specific software or printer-specific configuration infor-
mation for the selected printer.

[0081] Preferably, wherein while obtaining the capa-
bility information from accessible printers, the discovery
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component is configured to obtain current status infor-
mation from the accessible printers.

[0082] Preferably, wherein the transport component is
also configured to obtain capability information from the
selected printer.

[0083] There is provided a data processing system,
comprising:a processor to execute instructions; and a
memory coupled with the processor to store instructions
which, when executed by the processor, cause the proc-
essor to: interface a discovery component of the data
processing system with an Application Programming In-
terface (API)-calling component to identify accessible
printers to facilitate selecting an accessible printer, and
to obtain capability information from accessible printers;
interface a transport component of the data processing
system with the API-calling component to transport data
to the selected printer; and interface a page-description-
language component of the data processing system with
the API-calling component to generate printer data for
the selected printer based on obtained capability infor-
mation for the selected printer; wherein the capability in-
formation obtained from the selected printer enables the
processor to generate the printer data for the selected
printer without the need for the data processing system
to maintain printer-specific software or printer-specific
configuration information for the selected printer.

Claims

1. A printer (106) that facilitates driverless printing,
comprising:

adiscovery component (212) configured toiden-
tify the printer (106) to a client (102), facilitate
selection of the printer (106) by the client (102),
obtain capability information from the printer
(106), and send the capability information to the
client (102);

a transport component (214) configured to re-
ceive printer data (208) from the client (102); and
a page-description-language component con-
figured to print the received printer data (208);

wherein the capability information enables the client
device (102) to generate the printer data (208) for
the printer (106) without the client device (102) need-
ing to maintain printer-specific software or printer-
specific configuration information for the printer
(106);

characterised by:

the capability information including identification
of a preferred document format, from a plurality
of document formats supported by the printer
(106), wherein the preferred document format
comprises a format that is more efficiently print-
ed by the printer (106) than another of the print-
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er’s supported document formats; and
the printer data (208) being generatedin the pre-
ferred document format.

2. Theprinter (106) of claim 1, wherein the printer (106)

provides an integrated framework that enables the
discovery component (212), the transport compo-
nent (214), and the page-description-language com-
ponent within the printer (106) to be accessed by an
application (202).

3. The printer (106) of claim 2, wherein the integrated
framework includes one or more application pro-
gramming interfaces (APIs) (203; 820) that provide
access to the discovery component (212), the trans-
port component (214) and the page-description-lan-
guage component within the printer (106).

4. The printer (106) of any preceding claim, wherein
the discovery component (212) provides current sta-
tus information from the printer (106) to the client
(102).

5. The printer (106) of any preceding claim, wherein a
cloud printing system facilitates cloud printing in lieu
of driverless printing by receiving the printer data
(208) from the client (102) and printing the printer
data (208) in response to a determination that power
consumed while transferring data to and from the
cloud printing system will be offset by power saved
by off-loading printer-related rendering operations to
the cloud printing system.

6. The printer (106) of any preceding claim, wherein
the capability information for the printer specifies one
or more of the following:

resolutions;

color spaces;

bit depths;

input slots;

face-up/face-down input orientation;
output bins;

face-up/face-down output orientation;
duplex printing support;

media types;

copy support;

supported finishings; and

print quality.

7. The printer (106) of claim 6, wherein the capability
information for the printer additionally specifies one
or more of the following:

file sizes;
file-format versions; and
file-format extensions.
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The printer (106) of any preceding claim, wherein
the preferred document format is specified using a
MIME media type.

A method for using a printer (106) that facilitates driv-
erless printing, the printer (106) comprising a discov-
ery component (212), a transport component (214),
and a page-description-language component, and
the method comprising:

using the discovery component (212) to identify
the printer (106) to a client (102), facilitate se-
lection of the printer (106) by the client (102),
obtain capability information from the printer
(106), and send the capability information to the
client (102);

using the transport component (214) to receive
printer data (208) from the client (102); and
using the page-description-language compo-
nent to print the received printer data (208);

wherein the capability information enables the client
device (102) to generate the printer data (208) for
the printer (106) without the client device (102) need-
ing to maintain printer-specific software or printer-
specific configuration information for the printer
(106);

the capability information including identification of
a preferred document format, from a plurality of doc-
ument formats supported by the printer (106), where-
in the preferred document format comprises a format
that is more efficiently printed by the printer (106)
than another of the printer’s supported document for-
mats; and

the printer data (208) being generated in the pre-
ferred document format.

The method of claim 9, wherein the discovery com-
ponent (212), the transport component (214), and
the page-description-language component are ac-
cessed through a unified framework which can be
accessed by an application, and wherein the unified
framework includes one or more application pro-
gramming interfaces (APIs) (203;820) that provide
access to the discovery component (212), the trans-
port component (214) and the page-description-lan-
guage component within the printer (106).

The method of claims 9 or 10, further comprising:

using the discovery component (212) to provide
current status information from the printer (106)
to the client (102).

The method of claims 9, 10, or 11, wherein the ca-
pability information for the printer specifies one or
more of the following:
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resolutions;

color spaces;

bit depths;

input slots;

face-up/face-down input orientation;
output bins;

face-up/ face-down output orientation;
duplex printing support;

media types;

copy support;

supported finishings;

print quality;

file sizes;

file-format versions; and

file-format extensions.

13. The method of claims 9, 10, 11, or 12, further com-

prising:

using a cloud printing system to facilitate cloud
printing in lieu of driverless printing, wherein the
cloud printing system is to receive the printer
data (208) from the client (102) and to print the
printer data (208) in response to a determination
that power consumed while transferring data to
and from the cloud printing system will be offset
by power saved by off-loading printer-related
rendering operations to the cloud printing sys-
tem.

14. A computer-readable storage medium storing in-

structions that when executed by a computer cause
the computer to provide a printer (106) that facilitates
driverless printing, wherein the instructions imple-
ment a number of components, including:

a discovery component (212) to identify the
printer (106) to a client (102), facilitate selection
of the printer (106) by the client (102), obtain
capability information from the printer (106), and
send the capability information to the client
(102);

a transport component (214) to receive printer
data (208) from the client (102); and

a page-description-language component to
print the received printer data (208);

wherein the capability information enables the client
device (102) to generate the printer data (208) for
the printer (106) without the clientdevice (102) need-
ing to maintain printer-specific software or printer-
specific configuration information for the printer
(106);

the capability information including identification of
a preferred document format, from a plurality of doc-
ument formats supported by the printer (106), where-
inthe preferred document format comprises a format
that is more efficiently printed by the printer (106)
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than another of the printer’s supported document for-
mats; and

the printer data (208) being generated in the pre-
ferred document format.

The computer-readable storage medium of claim 14,
further comprising instructions that when executed
by a computer cause the computer to facilitate cloud
printing in lieu of driverless printing, wherein the in-
structions implement a number of components, in-
cluding:

a cloud printing system to receive the printer da-
ta (208) from the client (102) and to print the
printer data (208), wherein the cloud printing
system receives and prints the printer data (208)
in response to a determination that power con-
sumed while transferring data to and from the
cloud printing system will be offset by power
saved by off-loading printer-related rendering
operations to the cloud printing system.
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